The properties of the ground state of the electron gas, also referred to as the Fermion one component plasma and jellium, have rigorously only been established in the limit of high densities where 2 the system approaches a perfect gas and at low density where the 3 electrons crystallize.
Furthermore, Hartree-Fock calcula ions , and variational calculations suggest that at intermediate dersities, the spin aligned state of the electrons will be more stable than the normal, unpolarized state. Precise calculations of this many-Fermion system are required to establish the regions of stability of the various phases because of the small energy differences among them. This note outlines a Monte Carlo method, that if run long enough on a computer, can give as precise a solution for the ground state of a given Fermion system as desired.
In practice, the precision of such a calculation is limited to about two orders of magnitude smaller than that of an approximate trial wave function that is introduced as an importance function in the Monte Carlo process. That the introduction of such an importance function is 5 essential, was previously demonstrated for the many-Boson problem. The extension of this Boson calculation to Fermions requires dealing with antisymmetric functions that lead to two related complications; namely the probability density of a random walk cannot be chosen everywhere positive, and unless prevented the random walk will always converge to the all positive, Boson ground state. It is demonstrated here, for the electron system, that before the effect of this inherent instability becomes serious, it is possible to extract the properties of the lowest antisymmetric state. A more general procedure which removes the effects of the instability has yet to be perfected.
The solution of the Fermion problem was carried out in two steps.
In the first step the nodes, the places where the trial function vanishes, act as fixed absorbing barriers to the diffusion process.
Inside a connected nodal region the wavefunction is everywhere positive and vanishes at the boundaries. With these boundary conditions, the Fermion problem is equivalent to a Boson problem. The energy calculated with this procedure, which we will refer to as the 'fixed-node' energy, The largest uncertainty in the results is in fact due to the number dependence. Due to the high accuracy of the results derived from employing a good trial wave function and the consequent small statistical error, the number dependence, which was empirically established for systems ranging from 38 to 246 particles is an order of magnitude larger than the statistical error. Extrapolation to infinite particle results was carried out at each density on the basis of E(N) = E" + E,/N + E_ A", where the coefficients E , E, and E"
were empirically determined from the simulations. The E. term arises from the potential energy and is due to the correlation between a particle and its images in the periodically extended space that is used In Table II Finally, Table III displays the differences between the pair product variational results, the fixed-node results and the final energies.
Although the Bijl-Jastrow-Slater results are quite accurate, the error is different for the different phases, changing their relative stability. This demonstrates how essential it is to perform exact simulations to reliably calculate phase transitions densitites. (6 The error in the variational approximation in 10"^ Rydbergs for four different phases.
6= Ey -E 0 (the difference between the Jastrow trial function and the exact ground state energy). and r = 100. s
